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Abstract—The data summarization techniques are usually the user has to think about another query, which might fail
not provided with tools for end-users to efficiently use the as well, and so on. Thus, the second idea is to find ways to

produced summaries. In a previous work, a querying tool for rovide an approximate answer when the user’s querv has an
the SAINT ETIQ summarization model has been outlined. It takes P PP query
empty result set.

advantage of the hierarchical structure of those summarieso : ]
efficiently describe tuples that satisfy some selection ¢giria. This The next section presents an overview of treNSETIQ
querying mechanism can be seen both as laooleanone over the model, describing the representation of summaries and the

summaries, and as aflexible one over the underlying relational main steps of the summary hierarchy building process. Gecti
tuples. This paper mainly investigates the case of null answs. | y,5roughly explains how advantage can be taken from
It is shown how, in this case, alternative queries with non-all . . . .
answers can be proposed to the user. the use of a BINTETIQ summaries hlerarf:hy in a flexible
guerying process. The expression of queries, the search pro
|. INTRODUCTION cedure and the expression of results are briefly revieweein Th

In order to handle the growth in size of databases, many dpection IV describes two possibilities for electing altgive
proaches have been developed to extract knowledge from hageries for a null answer query.
databases. One of these approaches consists in summarizing
data (e.g., see [1], [2], [3], [4], [5]). However, summatipa
techniques are usually not provided with tools for endsis@r  The targeting of database records in flexible queries may
efficiently use the summaries. As a consequence, users hi@as to important response times when a large number of
to directly interpret the summaries, which is conceivabinw records is involved, or when subqueries are expressed. g\ lon
a few summaries only. In other cases, tools are necessarywait is frustrating, particularly when the query fails.

In this paper, the structured data summarization modelDatabase summaries offer a means of significantly reducing
SAINTETIQ? developed in our research team [5] is considerethe volume of input for processes that require access to the
This model provides a compact representation of a databas¢éabase. The response time benefits from the downsizing.
under the form of summaries organized in a hierarchy. Furthermore, for this querying process, performance dogs n

This paper proposes a querying mechanism for users depend on specific combinations of attributes, i.e., wiretiee
efficiently exploit the hierarchical summaries produced bgttributes are indexed or not, since therETIQ hierarchies
SAINTETIQ. The first idea is to query the summaries usingf summaries are general indexes for the underlying data [6]
the vocabulary used in the summarization process and takingVhen querying the summaries, the gain in response time
advantage of the hierarchical structure of the summaries. Tis made clearly at the expense of a loss of precision in the
querying process answers queries in which the criteriaifypecanswer. This is of no importance when only a rough answer
labels from the vocabulary. The algorithms perform booleas required. When more details about the tuples are needed,
set comparisons and use the tree structure to cut brances@uerying the summaries can be considered a first step only:
quickly reduce the search space. This leads to an import#im entire set of relevant tuples can be easily retrievenh fro
gain in response time, especially in case of a null answer, (i.the answer summaries. Then, the querying mechanism remains
of an empty result set), as only a small part of the summarieficient, and there is no loss of precision in the answer.
hierarchy has to be explored, instead of the entire relation .
table. A. Running example

Querying the summaries as explained above is interestingd single example illustrates the whole paper. It consid-
in order to rapidly get a rough idea of the properties of taplers relationR = (thickness, hardness, temperature) from a
in a relation. But sometimes, queries may have a null answ¥ATERI ALS table. A tuple fromR describes a material used
Apart from the cases where null answers are unacceptaliiean imaginary metallurgy plant to produce square sheets.

1This research was partially supported by the French MinistrResearch Attribute t hi ckness is expres_sed n mm and- has a l-lmlted
and New Technolologies under the ACI program devoted to Dddsses range (from 0.15 to 50). Attributhar dness is the final
(ACI-MD), project #MD-33. product’s expected value on scale B of the Rockwell hardness

2See URL: <http:/mwww.simulation.fr/seq>. test. Attributet enper at ur e is a material's melting point.
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Il thi di thick h . . .
N PR < He Second, each candidate tuple is incorporated into a tree and

thickness

oL _A \ - - - reaches a leaf node. This can be seen as a classification of the
' _ O candidate tuple. It is important to notice that the tree islimo
1 malleable _soft hard compagt - _impenetrable fied throughout candidate tuples incorporation: it progikesy

hardness

becomes a complete representation of the data. The way the

10 2z a ot e % tree evolves is partially controlled by learning operatisee
1 4 cod low moderated  normal high extreme [6]) These Qperators create and merge summaries so that the
0 temperature hierarchy reflects the current set of discovered concepts.
40 100 550 1000 1800 2700 3500 °C In the hierarchy structure, a level can be associated wéh th
Fig. 1. Linguistic variables for thdVATER! ALS table relative proportion of data that is described by a summary:

the deeper the summary in the tree (or the lower its level
in the hierarchy), the finer the granularity. Thus the lowest

level contains the most precise and specific summaries. Such

The linguistic var?ables assogiated with the attributes Llimmaries are similar to candidate tuples in their interadio
R are shown on Fig. 1. Consider tHeATERI ALS table o niocqion «— (o1 /dy,az/da, ..., an/dy,)): there is only

composed of the 5 tuples; = (10,38,900) (copper and one label per attribute (for instaneg in Fig. 4).

Z|”nc .a(l:loyg f;znAf)’lt; 4:6 ég'65’40’850> (cgpper qnd ”t|n. By contrast, the root of the tree is the most general summary.
alloy: CuSn12)¢. = (12, 46,896) (copper and arsenic alloy: It covers all data. The intensional expression of non-leaf

Cl.JASOS)’tfi = (10, 35’ 1530) (ron: Fe) and. - (8,35, 1_453>_ .summaries has one or more multi-valued attributes ¢g.gnd
(nickel: Ni). Rewriting these 5 tuples using the linguistic

. . . . These labels are all the ones in the children summaries.
variables leads to the candidate tuples shown on Fig. 2. T%Ze)

generated summaries that appear in the hierarchy on Fig.|35ummary| Intension |

are described on Fig. 4. 23 { 1.0/medium, 1.0/soft, 1.0/moderatgd
24 (' 0.7/medium, 1.0/soft, 0.85/normal
| Material | Candidate tuples | 25 { 0.45/thin, 0.9/soft, 1.0/moderated
Uz40 ta, = { 0.7/medium, 1.0/soft, 0.85/moderatkd 26 ( 1.0/medium, 0.5/hard, 0.9/moderated
cusniz |t = { 0.I5/medium, 0.97soft, T.0/moderatpd 27 ( 1.0/thin, 1.0/soft, 0.96/normal
ty, = ( 0.45/thin, 0.9/soft, 1.0/moderatéd 1.0/medium,
CuAsO5 | fer = ( 1.0/medium, 0.3/soft, 0.9/moderated 2 ( 1.0/soft, )
te, = ( 1.0/medium, 0.5/hard, 0.9/moderated 1.0/moderated + 0.85/normal
Fe ta, = ( 0.7/medium, 1.0/soft, 0.85/normal 1.0/thin + 1.0/medium,
Ni te, = ( 1.0/thin, 1.0/soft, 0.96/normal 22 ( 1.0/soft + 0.5/hard,
Fig. 2. Translation of tuples from tabl&ATERI ALS l.O/mgderated * 9.96/n0rmal -
1.0/thin + 1.0/medium + 0.7/thick,
20 ( 1.0/soft + 0.5/hard, )
1.0/moderated + 0.96/normal + 0.75/high
B. Summaries in ANTETIQ Fig. 4. Description of some summaries

The SAINTETIQ model, founded on an incremental classi-
fication algorithm [5], aims at apprehending the informatio
from a database in a synthetic manner. This is done through Ill. DESCRIPTION OF THE QUERYING PROCESS

I|n_gu!st|c summaries s_truc_tured in a hierarchy. The higrgr The first step of a database flexible querying process that

b“"?"”g process consists in two ste_ps. L . uses soft computing consists in extending criteria [7]. Kz
First, the tuples are translated using the linguistic \He®  jinqyistic variables defined for each attribute, crieeix-

(which are part of a background knowledge provided by thg,gjon is already performed inASITETIQ. Then, binary

user). Each attribute value of a tuple is rewritten using oRgerators can be used to identify the summaries (hence, the
of the corresponding linguistic labels. The rewritten are  ya14) to e considered as results. This section deals with al

calledcandidate tuplesAs one attribute value may Co”eSpon%spects of selection, from the expression and meaning of a

to more than_ one fuzzy label _(e.g}, mm is describgd by query to its matching against summaries.
mediumandthin), one tuple (for instance, andt¢. on Fig. 2)

may yield many candidate tuples. A. Expression of a query
- This approach to flexible querying intends to answer ques-
% T = tions such as “what are thin materials like?” or “how are
— T~ normal-temperature and soft-hardness materials?”. Irpthe
Z Z . .
/ 1\ 25/ |2\ totype developed for querying, the questions are exprassed
PA] %4 Z 7

ing a user-friendly interface that composes the corresipgnd
guery in an SQL-like language. For the two previous question

Fig. 3. Part of the summary hierarchy fdvATERI ALS . ;
the queries are respectively:



Q1: SELECT tenperature, hardness

FROM MATERI ALS In Qs, X = {thickness,temperature}, Cinicx = {thin,

WHERE t hi ckness IN (‘thin’) medium} and Cienp = {moderated, normal}. It follows that
Q2:  SELECT thickness Ps = (thin V medium) A (moderated V normal).

FROM MATERI ALS

WHERE tenperature IN (*normal’) Let v be a valuation function. It is obvious that the valuation

AND hardness I N (*soft") of P depends on the summaty a literald in P is positively

Because an answer, for example “thin materials have a sgfjuated ¢(d) = TRUE) if and only if d appears inz. Thus
hardness and a normal temperature”, is a description ot ba§zi(p) denotes the valuation d? in the context ofz.
data (summaries, candidate tuples, database recordsjipdes | ot L4, (z) be the set of descriptors that appearinnter-
tion is considered as an elementary operation. Embeddmtmgp relatively to queryQ leads to discarding summaries
the description operation (and others from summary-basg@ do not satisfyP. But, as shown in the following example,

querying) in an extension of SQL is a future project. some summaries that satisfy might not match the intended
For a more formal expression of a query, let: semantics of the query.
« S be a set of attributes; _ o _
« R(S9) be the relation whose tuples are summarized; Exa;nr;liog:ergcljgbs :hr?q"r‘fa:he ]:’2?7: agslgsg‘r:]s':‘?; nlatesrle;‘Jj%c’)('s,e
. ) o te Vi y su Yo ig. 4. Su
« Qbea query, for |nstanCQ1 or Q2] _ that z; is tested for conformance with a que@s: SELECT
« A; be an attribute appearing in the quer; (€ 5); temperature WHERE thickness IN (‘medium’) AND hardness IN
« d;; be alabel (or descriptor) of attributé;, also appear-  (‘soft). Then Ps = (‘medium’) A ('soft’), and even though
ing in the query. vz, (Ps) = TRUE, no material matche®s, as shown on Fig. 5.

A question explicitly defines some valueghii, normal or
soff) called required charactersin a query, labels stand for

. . - Candidate| thi ckness har dness
required characters and serve as a basis for determining wha % thin Soft
data partake in the answer. A question also defines, sormgetime tcz medium hard
implicitly, the attributes for which required charactergast te, thin Soft
The set of these input attributes for a query is denoteby | 2o [ {thin, medium} [ {soft, hard} ]

The expected answer is a description over the other atasbut
whose set is denoted By. Without further precisiony is the
complement ofX relative toS: XUY =S andX NY = (.
Hence a query defines not only a sétof input attributes  The five relative situations of two sets being compared are
A; but also, for each attributé;, the setC; of its required displayed in Fig. 6. For convenience, they are grouped ieethr
characters. The set of set§ is denoted byC, as shown in subfigures (a), (b) and (c). Confronting a summarwith a

Fig. 5. Example of descriptor combination

the following example. query@ involves comparingCy,(z) andC; for each attribute
Example 1: Let Q: and Q. be the queries stated above. FoffomM Q. Only three cases may occur:
each query, the sets are: « Case l:at least one attribute falls in (a).does not match
Qi X= {thlckpess},Y ={hardness, temperature}, the semantics of the query; (P) = FALSE.
Cwnsex ={thin} and € = {Consr} Case 2: all comparisons fall in (b).z matches the
Q2: X ={hardness, temperature}, ={thickness}, ¢ - P - ! )
Chara ={SOft}, Champ ={normal} and semantics of). The following expression holds; (P) =
C = {Chara, Crenp }- TRUE A Vi, L4,(2) C C;. z is considered as a result

if all attributes are one-valued (the summary is a leaf).
Otherwise, each leaf-summary in the sub-treezaé a
result. This condition helps avoid the mistake emphasized
in example 3.

« Case 3:at least one comparison falls in (c) and the others
fall in (b). The presence of required characters in each

B. Evaluation of a query attribute ofz suggests, but does not guarantee, that results
This section deals with matching one particular summary may be found in the subtree starting framExploration

against a query to decide whether it corresponds to that Of the subtree is necessary to retrieve possible results;

query and can then be considered as a result. The query is €ach branch will end up in either case 1 or case 2.

transformed into a logical propositioR used to qualify the

link between the summary and the quéaPyis in a conjunctive

form in which all descriptors are literals. Then, each set of ' 1@ ‘ ! ‘ Q 7?

N N - A(Z)
(©)

descriptors yields one corresponding clause. - o

When users formulate a question, they expect data with
some characteristics to be put forward. The meaning of that
guestion remains an open problem. But for now, we consider
a disjunctive semantics for criteria over the same attelautd
a conjunctive semantics for criteria over different atités.

Example 2: The query for “how are the materials which are ) ) )

thin or medium-thickness and moderated or normal-tempezat Fig. 6. Comparison of descriptor setS,, (z) and C;
is Q5: SELECT hardness WHERE thickness IN (‘medium’, ‘thin’)

AND temperature IN (‘normal’, ‘moderated’).



C. Selection algorithm labels instead of the usual operators (COUNT, SUM, MIN,

This section presents the algorithm that applies the magchﬁtc')'

procedure from the previous section for a specific query. TheExample 5: Consider query)s from example 2. PropositioRs
selection (algorithm 1), based on a depth-first search,nis-co induced byQs (see Example 2) admits 9 different interpretations
plete thanks to a property of the hierarchy: the generaigat (-6 Sets of variables valuated ¥RUE so that the proposition
step in the SINTETIQ model guarantees that any descriptor is satisfied) although qnly four interpretations are .showrthe

i ] ) : table below. The other interpretations are {thin, mediuornmal},
that exists in a node of the tree also exists in each parem.nod {thin, medium, moderated}, {thin, moderated, normal}, itk,
By contrast, a descriptor is absent from a summary’s intensi  moderated, normal} and {thin, medium, moderated, normal}.
if and only if it is absent from all subnodes of this summary.  However, grouping several tuples from a relatiBS) on a
This property of the hierarchy (which can be easily seen onSubsetX of S causes different values to appear in each group for

Fig. 4 its b h cutti it is k that attributes inS — X, due to the unicity of each summary. When
ig. 4) permits branch cutting as soon as it is known tha NOgyuch values exist for a query, they are grouped in a classoaash

result will be found. In all cases, all relevant results, amnty in the following table for the {medium, moderated} class.
relevant results, are captured. Interpretation Summaries  Result
Algorithm 1 describes the exploration and selection florcti {thin, moderated} o Soft
with the following assumptions: {thin, normal} z7 soft
« function Explore-Selecteturns a list of summaries; {medium, moderated} s, z¢ soft, hard
« function Corr symbolizes the matching test reported in {medium, normal} = soft
Section II-B;

Aggregation of summaries inside a class (for instance,
{medium, moderated}) is a union of descriptors: for each
attribute A; of output setY, the querying process supplies
a set of descriptors. This set characterizes summaries that
respond to the query through the same logical interpretatio

« operator ‘+' performs a list concatenation;
« function Add adds an element to a list;
e L,., is a local variable.

Algorithm 1 Function Explore-Select( Q) (i.e., summaries that show the same labels for input ate#)u
Lyes — () {the list for this subtree is empty} As a response to a query, the process returns a list of
if Corr(z, Q) = indecisivethen classes along with a characterization of the class for each

for all child nodez.pi;q Of z do

Lyes <+ Lres+ Explore-Seledtzcriia, Q) _output att_ribute. The listis _interpreted as followmsile search-
end for ing for thin or medium-thickness and normal or moderated-
else temperature materials, it turned out that:
if Corr(z, Q) = exactthen « thin moderated-temperature materials are soft;
i z(ljfjé Iiaf n)odethen « medium-thickness moderated-temperature materials are
clse O either soft or hard;
Lyes < Lyes+ Explore-Seledtzcriia, Q) o ...
Z”.? if The use of classes has a few benefits: i) the results are
en?jnif ' expressed in an intensional way ii) one can easily identify
retUMn Lyes which class accounts for an output label; and iii) it remains

possible to provide a unique list of output labels by perfioign
a union of labels from all classes.

Example 4: The result of applying the algorithm on the portion

of hierarchy in Fig. 3 for some queries is listed below: IV. REPAIRING QUERIES

The intention, in an attempt to repair queries, is to offer an

Query Result list Tuples .
o) o) T answer even when no summary corresponds to the query, in
s S S po the strict sense considered so far. Repairing queries resesdgi
I 17 %€ . . . .

Qs (23, 24, 25, 27) tay s toy s teys by s by ey been implemented in the context of a mediator by Bidault et
Qa 0 - al. [8], [9], as one of the cooperative aspects reviewed by
@s (23,24, 25,26,27)  Tay,tby,ter, bdystoys Gaasterland et al. in [10].
0 (25, 1) 202’?1 Our view of repair consists in a modification of the original

6 5, <7 bay ley

query. This modification is performed from the optimistiead
that there exist results semantically close to those tadgey
the user. In order to select such approximate-result suresjar

The classification step is an aggregation of selected suffe query is modified using the parsesi®rETIQ summaries
maries according to their interpretation with respect tpoF  or pre-established information.

sition P: summaries that have the same required characters on -

all attributes of the input attributes s&t constitute a class. A A- Query modification

class is equivalent to a group in an SQL SELECT ... GROUP This procedure happens each time a tree exploration that
BY... statement except the aggregation operator is a urfioni® conducted to find answers for a quepyfails at a specific

D. Classification: presenting the results



nodez (i.e., when some required characters are absent fraase 1 (from Section IlI-B). This processing is thodify

z). z is then called a failure node. As the exploration may fafunction. Usage of available information (such as lingaist

for more than one summary, several modifications of the saweriables or a similarity matrix) is made in that function.

guery can be proposed to the user. In this algorithm, Q.. represents the original query ex-
The first strategy consists in finding substitutes for theressed by the user. It is used in function to guarantee that

missingcharacters within a limit imposed by a distance ddhe fourth property in Section 1V-B will still hold after the

scribed in Section IV-B. A substitution query denoted®y, modification.q is the current query being evaluated, initially

is derived from the original querg). However, no guarantee equivalent taQ),.. s. exactstands for case 2 (from Section I11-B)

can be given as to the existence of results for the new queamd indecisivestands for case 3.

An intuitive possibility for substitutions lies in the limgstic

variables: absent descriptors are replaced by the closest oAlgorithm 2 Function Explore-Select-Modify( Q. Qrey)

in a failure node. However, it requires an order over the Lres < ()

considered attribute domain. In case no intuitive ordestexi  f €orr(z, @) = indecisivethen

another possibility consists in defining a similarity redaship forLa:IEIS Cilldergieé%llgrgf-sze?eoct-Modifyzchﬂd, Q)

matrix over the attribute domain. In this case, substihgio end for

may have an associated weight that would allow a finerelse

distinction between results from several alternative igser if Corr(z, Q) = exactthen

In both cases, if failure at summaey leads to a labell Add(z, Lres) ,
being replaced by a label*, d will not be used later as a elsif{ggricg;?&%%ri\geegéegut ;hf ;;?Err:ﬁ;);mught be acceptable}
substitute ofd* at another failure point below (i.e., in the Q* = Modify(Q. Z)’ el
subtree fronr). Indeed, ifz is a failure node, a property of the Lres < Lres+ Explore-Select-Modifyz, Q*, Qrer)
summary hierarchy guarantees that no summary in the subtree  end if
from z can be a result to the query. end if

The second strategy is guided by the summary hierarchyenOl i

and it guarantees that results will be found for the new query ™M Lres
It is more flexible and more adapted to an interactive mode.
B. Distance between queries Example 6: Consider for instance quer@-: SELECT temper-

) ) o ature WHERE thickness IN (‘medium’) AND hardness IN (‘com-
In order to avoid a series of query modifications that would pact’). This query fails asv.,(P;) = FALSE and the failure

lead to irrelevant alternative queries, a measure of distan nodez is added to the list. Then, fromy, two alternative queries

between queries is introduced. Only toksestalternative cNan be STOPPS?NQD'%hSEdLECT Itﬁmﬁ’ﬁfaéyre (;’VHE_REQEEEHTGSS

queries to the initial one are proposeq to_the. user. Assumeiemi)ggt&:én\BVHERE tﬁirCEne:sSs IN ((‘maerdit)ﬁ:]’) ,?\lZlD hardness IN

that a query can be associated to a bit string in which each ('soft), as the two labels ‘hard’ and 'soft’ appear in. Both

bit reflects the presence or the absence of a lab€).in alternative queries have distance 1 frapa, but the first one is
Definition: Let @ and @Q* be two queries respectively closer w.r.t. the similarity on hardness.

associated to bit stringS and S*. The distance betwee®

andQ*, denoted byi(Q, Q*), is the number of 1s it XOR D. Summary-guided modification

S*. That number accounts for the modifications (insertions or whenever a query fails, its evaluation allows to detect the

de!etions Of Iabgls) that are necessary to ob@fnfrom Q. ~ reasonf the failure. A reason stands for an attribute, from the
This Hamming distance [11] satisfies the following profesti query, whose criterion has not been fulfilled. The deteciion

1) d(Q,Q)=0 immediate from the set-based comparison detailed in Sectio

2) Q#AQ*=d(Q,Q*) >0 [1I-B and illustrated by Fig. 6.

3) d(Q,Q*) =d(Q*,Q) During a search to answer a quefy,, the exploration

4) d(Q,Q") <> 4,cc|Da,| whereDy, is the set of terms of a summary hierarchy may fail for each child node of a
for the linguistic variable over attributd;. summaryz;. However,z; can still be considered as the best

However, this distance is not fine-grained enough to alloPproximation of a result t@¢), on the branch that led to
an automatic process. The user may have to guide the searchSince a hierarchy exploration is made on a step-by-step
because the distance does not take into account the relafl@gision making process ang is the last point where aext
closeness between two labels. For instance, while looking fvalid pathhad to be found, it is reasonable to assume that a
materials with dow temperature, modified queries that targeduery @1, which hasz; as a result, is close tQ, provided

cold or high temperature materials are considered equivale®oth queries require the same attributes. Thus, a failude no
in the summary tree yields one new alternative query.

C. Query substitution algorithm Queries considered close @ and derived from failure

This section presents the query modification procedure dmints offer a guarantee of results, which was not the case
scribed by algorithm 2. The procedure is a variant of algamit for @Qy. Nevertheless, using algorithm 1 to implement that
1 (see Section 1lI-C) cause it adds an additional procedsingproximity assumption requires two steps: i) determiningt th



the query@o has no results and ii) searching for the failure 3) determination of the best substitution quépy, either
points in order to derive the modified queries. The new  using the distance measure or interactively;
algorithm 3 performs the two steps by assuming from the 4) evaluation ofQ*;

beginning that the query being evaluated will have no result 5) expression of results @*.

While exploring the tree, two lists are built, one that caméa
the results taQy (L..s) and another one that contains failure ) ) o
nodes (o). The latter is useful when the first is empty only, !N thiS paper, a querying tool for the summarization model
Building the list of failure nodes is made at a low cost. IPAINTETIQ has been proposed. It allows end-users to ef-
is not penalizing when the query has answers, and avoigdiclently retrieve summaries, and exploits the hierardhica

second parsing of the summaries in the other case. structure of the summaries produced byr ETIQ.
From an algorithmic point of view, the querying process

E. Expression of results explores a summary hierarchy. It performs a set comparison

Generally, the algorithm produces several alternatiRetween the summary and the query on the basis of linguistic
queries, more or less close to the original one. These quef@Pels from a user-defined vocabulary. The result of the com-
can be ordered according to their closeness to the origitel oP2rison determines whether the summary is a result but also
measured either by the distance in section IV-B or taking intvhether a part of the hierarchy will be explored. The search
account the closeness of the modified labels. procedure is therefore a classical boolean tree exploratith

The query modification procedure appears as a relaxation®fnch-cutting algorithm whose novelty lies in the use of
search criteria, for the new query is more general. HoweveHmmaries. The querying machinery, as well as a user-fiend

each substitution of a query by a queryQ* is local as shown INterface have been developed.
by example 7. An extension to this method is also proposed. It allows to

Thelocal feature of modification is justified first by the fact2NSWer queries that have empty result sets with semayticall

that a failure occurs at a specific node in the search tree &ase da.ta. Two strategies have been considered to reach
second, by the relatively high number of failures that reltyr hat goal: exploiting some available information, or usthg
oceur in a efficient branch-cutting search procedure. Aipgly Summaries tq determine alternatives to the orlglnal_query.

all substitution queries over the whole tree would be noyonl 1NiS Work is a step towards a more complete flexible query

expensive but also unjustified for the part of the search tr@gswering s.ystem..CIearIy, the richness of the framework is
that is not concerned with a failure. far from being entirely exploited yet. Several future devel

opments, such as ranking the results, introducing preteen

V. CONCLUSION AND FUTURE RESEARCH

Algorithm 3 Function Guided-Sel, myCorr, Q) or priorities, or the possibility to use another vocabulame
Lres — () under consideration. Expressiveness remains a main pwint f
if myCorr= exactthen future work. Indeed, it would be of great interest to allow

Add(z, Lres) some imprecision in the user queries, and not just in the
else ) o representation of information.
if myCorr= indecisivethen
for all child nodez.xiq4 Of z do REFERENCES
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